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QUARTERMASTER  RESEARCH  *  ENGINEERING  COMMAND^  VS  ARMY 
orna  or  tmc  commamowm  earnout. 

NATICK.  MASSACHUSSTTS 


Major  General  And  row  T«  McNamara 
The  Quartermaster  General 
Washington  25,  D.  C. 


Dear  General  McNaaara: 

This  report,  "Evaluation  of  Ansy  Combat  Pack*  by  Measuring  Energy 
Costs  and  Speed  of  Movement,”  is  a  continuation  of  the  load-carrying 
series.  Since  it  requires  energy  to  transport  weight,  and  weight  Is 
distributed  over  the.  body  in  a  different  way  with  each  load-carrying 
system,  it  is  important  for  pack  designers  to  know  whether  the  work 
■involved  carrying  a  load  is  influenced  by  the  design  of  the  load- 
carrying  system. 

In  this  study,  energy  expenditures  were  determined  for  standard 
and  experimental  load-carrying  systems.  With  the  technique  used,  ns 
outstanding  differences  were  demonstrated  for  equal  loads  carried  with 
the  several  load-carrying  systems.  Differences  in  the  stability  of  ths 
packs  were  observed,  but  these  differences  did  not  influence  the  energy 
cost  of  doing  the  tasks. 

Sincerely  yours. 


C.  G.  CALLOWAY  ( 
Brigadier  General,  USA 
Commanding 
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Abstract 


Cie  apang  cost  and  speed  of  executing  six  performance  testa 
were  used  as  criteria  for  evaluating  the  3.  S.  Standard,  3.  S.  Ex¬ 
perimental,  and  British  Experimental  cachet  pedes.  A  subjective  rat¬ 
ine  on  caafort  and  rreedon  frai  interference  with  movements  - 

was  also  included  for  this  evaluation.  Tests  of  naming,  creeping, 
Jtmping,  rolling,  climbing,  and  falling-and-getting-np  were  performed 
without  a  pack  and  with  each  of  the  three  different  packs.  Sen  sub¬ 
jects  were  used. 

Less  energy  was  expended  when  activities  were  performed  without 
a  pack  than  with  a  pack.  Maarly  all  testa  were  performed  faster  with¬ 
out  a  pack  than  with  a  pack. 

On  the  basis  of  energy  cost  mod  performance  time  of  each  teat, 
none  of  the  packs  can  be  considered  definitely  superior  to  the  others. 

According  to  the  subjective  rating,  the  3.  S,  Standard  pack  was 
the  best,  the  U.  S.  Experimental  peek  second,  and  the  British  Experi¬ 
mental  peck  third. 
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1,  Introduction 

a.  7cst  of  the  physiological  studios  related  to  pack  carrying, 
whether  in  the  laboratory  or  in  the  field,  hare  been  devoted  primarily 
to  inarching  cr  walklng.2»3,U,7,9*10  However,  walking  or  marching,  im¬ 
portant  a?  they  may  be,  do  not  constitute  the  only  type  of  locomotion 
used  by  the  foot  soldier  during  au  actual  combat  situation.  The  sol¬ 
dier  may  need  to  creep,  roll,  climb,  jump,,  run,  and  *hit  the  dirt*. 

This  he  msy  do  either  slowly  or  at  maximum  speed.  His  survival  nay  de¬ 
pend  on  his  speed  of  movement. 

b.  Bally  end  McDermott^-  suggested  that  studies  be  conducted  out¬ 
side  of  the  laboratory  under  conditions  approaching  those  of  combat.  A 
similar  need  was  pointed  out  by  Benbounu" 

c.  Experimental  studies  of  various  oernbat  packs  were  reported  by 
Hunter  and  Ttrl,”  and  by  Hale  and  Karpovich. 5  The  latter  authors  devel¬ 
oped  a  battery  of  tests  for  the  evaluation  of  the  merits  of  different 
packs.  These  tests  included:  running,  creeping,  rolling,  jumping,  climb¬ 
ing,  hand-grenade  throwing,  falling,  getting  up,  changing  direction,  agil¬ 
ity,  and  balanca.  Hand-grenade  throwing  was  judged  on  accuracy,  and  jump¬ 
ing  on  distance.  The  Burpee  test  was  used  to  measure  agility,  and  a  mod-' 
if  led  Bass  Eynamic  balance  test  was  ussa  for  balanca.  The  criterion  for 
scoring  the  remaining  tests  was  time  of  performance.  No  determination  of 
the  energy  cost  was  made. 

d.  As  far  as  the  present  investigators  have  been  able  to  ascertain, 
no  scientific  studies  have  been  made  to  determine  the  expenditure  of  en¬ 
ergy  while  carrying  a  pack  during  the  types  of  activities  used  ty  Hale  and 
Karpovich. 


Fcr  this  reason  7  tests  were  taken  fre*  their  study,  and,  after 
some  modifications,  combined  into  6  tests.  The  falling  ("hitting  the  dirt*) 
and  getting  up  from  the  ground,  which  were  2  separate  tests,  were  combined 
into  1  test.  In  rolling,  the  number  cf  turns  was  increased  from  3  to  5. 
Descending  the  ladder  was  added  to  climbing.  The  standing  broad  jimp  was 
changed  into  6  consecutive  5-foot  jtsps.  Running,  and  creeping  (n)*  were 
retained  unchanged. 

e.  The  purpose  of  this  study  vas  to  determine  whether  the  energy 
cost  and  the  time  of  performance  cf  these  selected  tests  with  3  different 
packs  could  be  used  as  an  objective  basis  for  the  evaluation  of  packs. 

2.  Materials  and  Methods 

a.  Materials 

(1)  Subjects.  The  test  subjects  were  10  male  Springfield  Col-  • 
lege  students,  IB  to  26  years  of  age,  to  76-lA  inches  in  height* 

*Hale  an<T'N>rpcvich  had  two  tests  of  creeping,  numbers  I  and  U, 


and  125$  to  210  pounds  In  weight  (Table  X).  They  wars  tbs  regulation 
O.S.  Aragr  wool  combat  uniform,  with  field  Jacket* 

(2)  Packs.  The  three  types  of  combat  packs  used  in  this  study 
wars:  (l)  D.S.  Standard  pack,*  (2)  U.S.  Experimental  pack  T53-3,*  and 
(3)  British  Experimental  pack  OK -22.  Each  pack  weighed  27  pounds;  the 
manner  in  which  each  was  carried  is  illustrated  in  Figures  1,  2,  and  3* 

(3)  Location.  All  tests  were  conducted  in  the  Springfield 
Collage  Field  House*  which  has  a  packed  dirt  floor* 

b.  Methods 

(1)  Types  of  locomotion.  The  types  of  locomotion  included 
in  this  study  were:  (1)  running,  (2)  J  imping,  (3)  falling-and-getting- 
up,  (4)  creeping,  (5)  rolling,  and  (6)  c limbing. 

(2)  Description  of  testa. 

Running  (25  yrrds).  Subject  started  from  the  standing 
position  and  sprinted  with  aaxlBua  speed  for  25  yards.  At  the  end  of 
the  25-yard  run  a  "pull  up*  of  15  yards  was  allowed.  The  time  of  the 
25-yard  run  waa  recorded. 

FalUng-and-getting-up  (4  tinea).  Subject  stood  with  the 
feet  slightly  apart  (Figure  4a) .  He  dropped  to  his  knees,  and  at  the 
same  tine  slid  his  right  hand  to  the  heel  of  his  rifle  (Figure  4b).  He 
then  fell  forward,  breaking  his  fall  with  the  butt  of  the  rifle  (Figure 
4c).  After  landing  on  his  elbow  and  forearm,  he  cams  into  firing  posi¬ 
tion  (Figure  4d).  Then  he  drew  his  arms  inward,  and  with  one  movement 
raised  the  body  by  straightening  his  arms,  and  sprang  to  his  foot,  coming 
into  the  starting  (standing)  position  (Figure  4a).  The  total  time  of 
four  complete  cycles  of  down-and-up  movements  was  recorded* 

Standing  broad  .Imp  (6  consecutive  5-foot  juspe).  A  dis¬ 
tance  of  30  feet  was  divided  into  6  sections  by  parallel  cross  lines. 
Subject  stood  with  his  toes  at  the  take-off  line.  He  mads  a  series  of 
6  consecutive  5-foot  juaps  forward  (Figure  5).  The  total  tj—  of  execu¬ 
ting  6  Jumps  was  recorded* 


♦The  d.  S,  Standard  pack  referred  to  in  this  report  was  standard  until 
31  July  1957.  The  new  standard  pack  is  similar  to  the  cos  referred  to 
in  this  report  as  0.  S.  Experimental  pack  T53-8. 
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a.  Knot 


b.  Itar 
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Figure  2.  O.S. 
Experimental  Pack 
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Figure  3.  British 
Experimental  Pack 
UK -22 
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e.  Falling  forward 
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Figure  5.  standing  Brood  Jmp  '  Figure  6. 

CrooplnK  (10  yards) .  Subject  started  from  the  prone  posi¬ 
tion  with  the  rifle  cradled  in  the  crooks  of  the  elbows.  He  rested  the 
weight  of  the  body  on  his  fore  ares,  elbows,  and  lower  legs,  keeping  the 
rest  of  the  body  off  the  ground.  He  novsd  forward  by  usirg  his  elbow* 
and  legs.  The  left  elbow  was  advanced  at  the  sans  tl«  as  the  right 
knee.  The  tine  of  creeping  10  yards  was  recorded. 

Rolliiyt  aidewis*  (5  tines).  Subject  lay  in  the  prone 
position,  with  the  rifle  held  with  both  hands  under  the  body.  Subject 
could  choose  to  roll  to  the  right  or  left.  The  total  tine  of  five  rolls 
was  recorded. 

(12$  feet).  Subject  stood  at  the  base  of  a 
vertical  ladder.  He  cl  inbed,  stepping  with  each  foot  on  alternate  nmgs 
of  the  ladder  (figure  6).  Upon  reaching  the  12$  foot  nark,  he  stood 
with  both  feet  on  this  rung  and  then  descended  the  ladder  until  both 
feet  reached  the  ground.  During  the  clinb  the  subject  grasped  the 
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rung*  with  hia  hands.  The  distance  between  rungs  was  1  foot;  fraa  the 
ground  to  the  first  rung  it  was  1.5  feet.  The  time  of  climbing,  de¬ 
scending,  and  the  total  ties  were  recorded.  The  rifle  was  not  carried 
In  this  test. 


•  • 


Each  test  was  administered  1  tines:  coce  without  a  peck 
and  once  with  each  of  the  3  different  packs.  To  control  the  effect  of 
learning  and  training,  the  order  of  these  tests  was  rotated.  The  subjects 
were  requested  to  execute  each  test  as  rapidly  as  possible,  and  timing  was 
done  with  stopwatches. 

Prior  to  the  testing,  subjects  were  given  instructions  and 
test  practice,  and  also  were  familiarised  with  breathing  into  Douglas  bags. 
The  subject  rested  for  30  minutes  in  a  relaxed  sitting  position  on  a  chair. 
At  the  conclusion  of  this  period,  the  expired  air  wu  collected  for  10  min¬ 
utes  in  a  200-liter  Douglas  bag  to  dote mine  the  resting  metabolism* 

After  the  Douglas  bag  was  disconnected,  the  subject  took  the  startlrg  po¬ 
sition  for  the  test,  and  when  the  pack  was  used,- it  was  placed  an  the  sub¬ 
ject's  back  by  a  tester.  On  the  coan&nd  "get  set"  the  subject  took  a  mod¬ 
erately  deep  breath.  This  breath  was  held  throughout  the  test.  T—wtt- 
ately  after  the  test  the  subject  sat  again  on  a  chair  placed  at  the  point 
where  he  finished  the  test.  The  expired  air  was  collected  ir  another  Doug¬ 
las  bag  during  a  10-«inute  recovery  period. 

The  air  samples  were  collected  in  50cc.  syringes  and  were 
analysed  in  duplicate  with  the  Sc  ho  lander  gas  analyser  for  oxygen  and  car- 
ben  dioxide  content. 

The  energy  cost  of  the  tests  was  expressed  in  net  figure* 
(gross  oxygen  used  minus  the  resting  oxygen  consumption).  It  was  also  ex¬ 
pressed  as  the  ratio  of  cc.  of  oxygen  used  to  the  subject's  body  surface 


•  • 


•  • 


•  • 
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The  subjects  were  requested  to  rate  the  degree  of  di»ccs- 
fort  and  the  amount  of  interference  of  each  pack  with  the  performance  of 
the  test.  The  range  of  rating  vas  from  one  to  three  in  order  of  ire  teas¬ 
ing  interference  or  discomfort. 

3.  Results 


As  could  be  expected,  in  each  of  the  six  tests  the  least  amount 
of  energy  was  used  when  tests  ware  performed  without  a  pack.  Tbie  differ¬ 
ence  in  the  energy  expenditure  between  the  tests  with  a  pack  and  the  tests 


without  a  pack  was  stAtistically  significant  (■••  Tahls  II). 

On  tha  other  hand,  when  the  Mounts  of  energy  used  in  each  test 
with  each  of  the  three  packs  were  ocmpared,  no  statistically  significant 
difference  was  observed  (see  Table  II). 

b.  Performance  tine 

The  expectation  that  performance  tine  without  a  pack  would  be 
leas  than  with  a  peck  eras  tame  except  in  the  following} 

(1)  Fall lng-and-gettlng-up  was  performed  as  rapidly  while  carry¬ 
ing  the  0.  S.  Experimental  pack  or  tha  British  Experimental  pack  as  when 
no  peck  was  carried. 

(2)  Climbing  was  performed  as  rapidly  while  carrying  the  Brit¬ 
ish  Experimental  pack  as  when  no  pack  was  carried.  There  was,  however, 

e  trend  (t-1.73)  toward  a  faster  performance  without  tha  pack. 

(3)  Descending  was  performed  as  rapidly  with  any  of  the  three 
packs  es  without  e  pack. 

(U)  Climbing  and  descending  as  a  unit  was  performed  as  rapid¬ 
ly  with  any  of  the  throe  packs  as  without  a  pack. 

There  was  no  statistically  significant  difference  between  the 
times  far  each  test  with  each  of  the  three  packs  as  shown  in  Table  HI. 

e.  Subjective  rating  of  packs 

According  to  subjective  rating  of  packs,  based  on  oonfart  and 
interference  of  movements,  the  0.  S.  Standard  pack  was  rated  the  best  and 
the  U.  S.  Experimental  pack  rated  e  close  second. 

Tha  D.  S.  Standard  pack  wvs  preferred  to  the  other  two  packs  " 
in  creeping,  falling-and-getting-up,  and  climbing}  while  In  running  it 
received  the  same  rating  as  the  0.  S.  Experimental  pack.  For  such  ac¬ 
tivities  as  rolling  and  j taping,  the  D.  S.  Experimental  pack  was  rated 
the  best. 

U.  Discussion 

t)  The  number  of  subjects  in  this  study  was  limited  to  ten.  Al¬ 
though  for  statistical  analysis  a  larger  mxaber  of  subjects  would  be  de¬ 
sirable,  a  larger  series  was  not  practicable. 

b.  There  was  no  statistically  significant  difference  between  the 
three  packs  idien  the  energy  consumption  or  the  time  required  for  teats 
was  compared.  This  observation  may  be  Interpreted  as  an  indication  that 
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US  Brit 


BUfflTEHQ 

-199  -165  -2H 

2.62*  1.88*  2.54* 


H„  US  OS  Brit 
Pick  Stt-  t"T  Jfefi 

JUKP33B 

-209  -216  -207 
2.71*  2.88#  2.80* 

-7  2 

.08  .02 


Meins 

snt 

so 


8U.  1040  1006  1052 

62  44  62  55 

186  131  185  166 

PAT  J.  TNO-and-GErrmOj? 

-225  -198  -242 

2.59*  2.30*  2.88# 

27  -17 

.42  .21 


721  728  719 

61  59  58 

183  177  175 

fTRkEPmo 

-329  -359  -379 

3.39#  3.45#  3.71# 

-30  -50 

.28  .47 


Meins 

SEM 

SO 


901  1126  1099  1143 
63  58  60  55 
188  173  I®- 


1063  1392  1422  1442 

65  72  82  78 

196  216  247  233 


0:  Difference  between  nesns  in  ee. 
t:  t-rstlo 

.  SUU.«»nT  .. ..05  1-1  Of  oonfiB.no.  (^1— 

t-ratio  at  this  level  is  1.83). 

,  sutlotloollr  .lfnlficarrt  .t  .01  1-1  of  ~n«B.no.  (^1« 
t-ntio  it  this  level  is  2.62). 

o  .....  jAff-r-Tic*  indicates  tbit  the  energy  cost  for  an 
itS1 u£d  «  tS  left  is  greater  than  the  energy  cost  for  an 

ite*  listed  at  the  top. 
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TABS  n  (coot.) 


Vo 

ts 

IB 

Brit 

Vo 

IB 

03 

Brit 

Pack 

Stan 

Exp 

Exp 

Pack 

Stan 

Exp 

ROTJ.TO} 

CLDfHDK} 

So 

D 

-180 

-188 

-179 

vV 

-228 

-216 

-310 

Fade 

t 

2.1li» 

2.97# 

2.59* 

b.56# 

3.57# 

b.h9# 

03 

D 

• 

-8 

1 

-18 

-82 

Stan 

t 

.12 

.01 

.27 

1.2b 

IB 

D 

9 

-6b 

Exp 

t 

.11 

.85 

lleana 

55o 

730 

738 

729 

699 

927 

9bS 

1009 

SEH 

5b 

b3 

5b 

61 1 

30 

liO 

53 

53 

SD 

162 

129 

163 

191 

89 

120 

160 

160 

Dj  Difference  between  mim  in  co. 
t s  t-ratlo 

•  Statistically  significant  at  ,0$  level  of  confidence  (wiirl— 
t-ratio  at  this  level  is  1.83) 

#  Statistically  significant  at  .01  level  of  ocnfldanoo  (mini— 
t-ratio  ct  this  level  la  2.82) 

A  positive  difference  indicates  that  the  energy  cost  for  an 
item  listed  on  the  left  is  greater  than  the  energy  eoet  far  an 
item  listed  at  the  top. 

BOTE:  The  conventional  t  analysis  (paired  c caparison)  was  need  in  this 
investigation.  Although  this  was  the  classical  technique  where  nore 
than  two  groups  were  compared,  multiple  comparison  teste  now  available, 
such  as  analysis  of  variance,  would  be  more  appropriate.  Once  an 
overall  difference  is  established  on  the  basis  of  analysis  of  variance, 
comparisons  between  groups  are  Justified.  In  this  connection,  newer 
non-parametric  techniques  are  available.  , 
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TABU  in:  COMPARISON  OP  PERFORMANCE  SCORES  Vm*»T  A  PACK  AND  WITH 
THREE  DIFFERENT  PACKS  (Score  la  seconds) 


Ho 

US 

US 

Brit 

Ho 

US 

US 

Brit 

Pack 

Stan 

Exp 

Exp 

Pack 

Stan 

Exp 

Exp 

RUNNING 

JUMPING 

Ho 

D 

-.47 

-.42 

-.54 

-.70 

-.74 

-.79 

Pack 

t 

4.48 1 

3.50# 

4.50 # 

2.41* 

3.52# 

3.95# 

US 

D 

.05 

-.07 

-.04 

-.09 

Stan 

t 

.38 

.54 

.13 

.29 

US 

D 

-.12 

-.05 

Kkp 

t 

.86 

.21 

Means 

4.28 

4.75 

4.70 

4.82 

3.79 

4.49 

4.53 

4.58 

SM 

.07 

.08 

.10 

.10 

.12 

.27 

.18 

.16 

SD 

.22 

-24 

.29 

.29 

.35 

.80 

.54 

.49 

FALLINO-and -GETTING-UP 

(SEEPING 

Ho 

D 

-1.19 

-.68 

-.71 

-2.22 

-2.05 

-1.73 

Back 

t 

2/  * 

1.05 

1.18 

3.70# 

3.66# 

2.11 

US 

D 

.51 

.48 

.17 

.49 

Stan 

t 

.72 

.76 

.13 

.32 

US 

D 

-.03 

.32 

Exp 

t 

.05 

.23 

Means 

13-92 

15.11 

14.60 

14.63 

10.62 

12.84 

12.67 

12.35 

SEM 

.51 

.40 

.51 

.49 

.69 

1.05 

.83 

1.11 

SD 

1.54 

1.20 

1.53 

1.48 

2.08 

3.16 

2.48 

3.32 

D:  Difference  between  means  in  seconds 
t:  t -ratio 

*  Statistically  significant  at  .05  lerel  of  confidence  (minima 
t-ratio  at  this  level  is  1.83). 

f  Statistically  significant  at  .01  level  of  confidence  (minimum 
t-ratio  at  this  level  is  2.82). 


A  positive  difference  indicates  that  the  performance  score  for 
an  item  listed  on  the  left  is  greater  than  the  performance 
score  for  an  item  listed  at  the  top. 


□ 


p 


S 

*  . 

i 


TAELS  m  (coot.) 


Mo 

OS 

OS 

Brit 

Mo 

OS 

OS 

Brit 

Pack 

Stan 

Exd 

Exp 

Pack 

Stan 

Exp 

Exj» 

R0UJM8 

CLIMBINO-and-OESCEMDIVO 

Mo 

D 

-1.13 

-1.05 

-1.01 

-.47 

-.62 

-.81 

Pack 

t 

2.83# 

2.02* 

2.24* 

.63 

.73 

.90 

OS 

D 

.08 

.12 

-.15 

-.34 

Stan 

t 

.14 

.21 

.20 

A3 

OS 

D 

.04 

-.19 

Exp 

t 

.07 

.21 

Means 

5.47 

6.60 

6.52 

6.48 

9.98 

10.45 

10.60 

10.79 

SEN 

.a 

.41 

.a 

.38 

.61 

.45 

.60 

.66 

SO 

1.24 

1.22 

1.22 

1.14 

1.82 

1.35 

1.80 

1.97 

‘ 

CLDffilMQ 

DESCEND! HO 

Mo 

0 

• 

-.52 

-.50 

-.52 

.04 

-.12 

-.28 

Pack 

t 

2.60* 

2.00* 

1.73 

.08 

.24 

.57 

OS 

D 

.02 

0 

-.16 

-.32 

Stan 

t 

.05 

0 

.33 

.65 

03 

D 

-.02 

-.16 

Exp 

t 

.04 

.33 

Means 

4.47 

4.99 

4.97 

4.99 

5.51 

5.47 

5.63 

5.79 

SBC 

.29 

.20 

.31 

.33 

.34 

.34 

.34 

.35 

SO 

.88 

.59 

.94 

.99 

1.02 

1.02 

1.02 

1.05 

D:  Difference  between  mean*  in  oeeonds 
ts  t-ratio 

#  Statistically  significant  at  .01  level  of  confidence  (minima 
t-ratio  at  this  level  is  2.62). 

*  Statistically  significant  at  .05  level  of  confidence  (minimum 
t-ratio  at  this  level  is  1.83). 

A  positive  difference  indicates  that  the  performance  score  for 
an  item  listed  on  the  left  is  greater  than  the  performance  score 
for  an  item  listed  at  the  top. 


JL  -  _ 
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free  tba  standpoint  of  wctodw  tba  Urn  packs  «rs  Mk  silks,  lbs 
principal  diffarsnoas  bates i  ttws  packs  arst  (1)  tbs  S.  S.  Rxparfa— t~ 
al  psok  and  tbs  British  Rxpsrlsantal  pack  bate  tso  —ail  Misi  pasties  at- 
taohad  to  tbs  front  of  tbs  bolt,  absreas  tbs  IT.  S.  Stated  pack  bos  sot, 
and  (2)  tbs  distribution  of  tbs  6- to  fl -posed  load  carrlad  on  tho  book  ia 
net  tbe  mm  tat  aaeh  pack.  Xhaaa  dif f aranoas  ia  rtasjp,  honor,  did 
not  canoa  dataatabla  diff sraoeaa  in  erUho.Ui  or  ties  of  parforenwa. 


a.  ilthoagh  tbs  fritlsh  fuel Into!  pack 
jaotlvs  rating,  tbs  mm  soald  parf ora  tba  tarts  alth  thin  ptek 
with  tha  other  iso  peoka. 


M  fit  an 


tba  British 


d.  Snhjacta  oceplalnad  of  dlsocefort  and 
tbs  too  saoranitloo  poschas  of  tha  U.  S.  Xiperlaantal  pack 
Sqperleital  pack.  for  tbla  raaai  cna  eight  axpset  a 
siption  and  aloasr  — ita  vith  thaaa  packs  thi  vith  tba  D.  S.  Stand¬ 
ard  pack.  Tat  this  did  not  bappae.  Feasibly  tha  testa  need  ram  of  too 
abort  deration.  Ona  eay  apaenlata  lfcstbar  longar  testa  sight  not  dstset 
sCffift  of  pooches  qpon  parf 


s.  It  vas  observed  that  sbaa  tba  load  nas  carrlad  high  m  tbs  back, 
tbs  U.  S.  Standard  pack  and  tbs  British  ZXpsrlasatd  pack,  tbs 
load  tots  cad  xp  and  dnn  and  aidiii  daring  all  tacts  axsapt  creeping  ad 
dishing.  This  boor  lag  ms  pirtletlsrly  violent  sban  tbs  sahjset*  man 
"bitting  tba  dirt.?  Daring  this  activity  tbs  lnsd  oa  tba  back  and  tba  in- 
tranoMug  tod  bouwod  agalnat  the  nack  and  head,  freqaaatly  displacing 
tbalwleat. 


5. 


Tba  U.  S.  Standard,  Q.  S.  Exparimtal,  and  British  Fipailaastal 
oonbat  peeks  wsra  eoapsrsd,  salng  energy  cost  and  ties  reqsirad  for 
ing  six  psrfomnoa  tsats.  ,  Tan  nan  sate  uead  as  sabjsets,  ad  testa  ■ 
dons  with  and  vitboat  tbs  pack.  * 


JbJ?  Tbs  parforsanca  tasta  Indndad  roaring,  Joeples, 
g a+  *~uzg-sp,  creeping,  rolling,  and  clIsMng. 


falUnc-od- 


la  each  tast  tbs  energy  expenditure  ass  loser  vfcao  no  peck  m 
carrlad.  Vhcn  tho  aovots  of  energy  ssad  in  aacb  tast  vltb  sacb  of  tie 
tbraa  packs  ears  oceparsd,  no  statistically  significant  dlffOrono* 
found. 


Tasta  vara  parf  oread  fastar  vitboat  a  pack  tin  vltb  any  of  tba 


packs  axoapt?''  ^ 

(1)  Ing-amV^slting-op  vaa  perfereed 
ing  tha  British  Sxperleaoial  pack  or  tba  17.  S. 
no  pack  vas  carried^ 


rapidly  shlla  carry- 
peck  a 


k 

(?)  Olatdgg  im  parfcnaed  as  rapidly  WMla  carrying  tbs  MU 
^  Skparimntal  peok  as  Am  bo  paok  was  carried^ 

(3)  Batoendlac  wes.psrfenwd  u  rapidly  with  my  of  tha  throw 
pooh*  oo  without  ^  peckj 

(It)  fil-lablng  and  aeaosnrting  as  a  ud*  woo  psrfowd  aw  rapid- 
1/  with  aqgr  of  tha  tores  packs  as  without  a  pack. 


••  Subjective  animation  ahowad  th£*  the  V.  S.  Standard  pack  ms 
Prof«T*df  with  tha  U.  S.  Scparlasatal  pack  a  dm  ascend. 

CoBdajiuis  N 

a.  On  tha  basis  of  energy  eoat  and  parforaanoe  tiao  of  each  teat, 
ooca  of  tha  packs  can  bo  tjansidarod  definitely  aaparinr  to  tha  others. 


b.  Acoarding  to  the  subjective  rating,  tha  V»  S.  Standard  pack 
*■*  tha  bast,  the  0.  S.  Eaparlaantal  peek  saooad,  and  tha  British  Ks- 
POrtmctal  pack  third. 

7,  SaooHHodatlona 


tinned. 


tt>.t  tha  stndr  of  performance  toots  la  pack  evaluation  be 


h.  that  tha  rrtmber  of  subj'wta  for  such  a  stadr  ba  iacraaaad  and 
the  testa  Bade  of  longer  <hrt»tion. 


8. 


Itkao^aadffMPta 


*be  asaistaaoa  of  Iks.  L.  X.  Being,  Has  D.  ting,  and  Messrs.  0.  D. 
Qrabenschiksff  and  L.  Caadldo  of  Springfield  foil  ago  la  gmtafaUy  ack¬ 
nowledged. 
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